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Epitome 

(57) [Abstract] 

[Technical problem] The volume of a fluid lubrication agent can be adjusted to a proper amount, and while 
being able to prevent the contamination of the air into the bearing by lack of a fluid lubrication agent, and 
printing of the bearing by friction, the oil-level depth measuring method of a fluid lubrication agent used for the 
liquid bearing equipment and it which can prevent the outflow by the excess of a fluid lubrication agent is 
offered. 

[Means for Solution] In the liquid bearing equipment which was open for free passage in the minute annular gap 
4 between a sleeve 2 and a shaft 3, formed the taper-like annular gap 10 in the opening 6 side of a sleeve 2, 
and was filled up with the lubricating oil 5 so that the oil level might be located in the taper-like annular gap 10, 
While doubling the focus of the lens section 23 of a microscope 22 with the end face 14 of a sleeve 2, the 
focus of said lens section 23 is doubled with the oil level of a lubricating oil 5, the distance from the end face 
14 of a sleeve 2 to [ from the difference of the height location of the lens section 23 in both ] the oil level of a 
lubricating oil 5 is measured, and it asks for the oil-level depth of a lubricating oil 5. 
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CLAIMS 



[Claim(s)] 

[Claim 1] A sleeve and the shaft which formed and inserted the minute annular gap of predetermined spacing 
between this into this sleeve, In the liquid bearing equipment in which said shaft and said sleeve carry out a 
rotation drive relatively on the same axle through the fluid lubrication agent with which fluid lubrication agents 
with which said minute annular gap was filled up were consisted of, and said minute annular gap was filled up 
Liquid bearing equipment characterized by for the opening side having opened for free passage and formed in 
said minute annular gap the taper-like annular gap where spacing between said sleeves and said shafts is large 
at the opening side of said sleeve, and being filled up with said fluid lubrication agent so that the oil level may 
be located in said taper-like annular gap. 

[Claim 2] Liquid bearing equipment according to claim 1 characterized by having cut the peripheral face of the 
shaft which countered the inner skin by the side of opening in said taper-like annular gap at said sleeve in the 
shape of a taper, and lacking and forming it. 

[Claim 3] Liquid bearing equipment according to claim 1 characterized by having cut inner skin in the shape of 
a taper, and lacking and forming said taper-like annular gap in the opening side of said sleeve. 
[Claim 4] Liquid bearing equipment according to claim 1 to 3 characterized by forming the outer diameter of 
this lobe in a minor diameter rather than the bore of said sleeve, and enabling it to check said taper-like 
annular gap by looking from an opening side while making it project from opening of said sleeve and inserting in 
said sleeve, in order to attach said shaft in housing. 

[Claim 5] While doubling with the end face by the side of opening of said sleeve the focus of the lens section of 
an optical instrument characterized by providing the following From a difference with the height location of said 
lens section when the height location of said lens section when the focus of said lens section is doubled with 
the oil level of said fluid lubrication agent and the focus of said lens section suits the end face by the side of 
opening of said sleeve, and the focus of said lens section suit the oil level of said fluid lubrication agent The 
oil-level depth measuring method of the fluid lubrication agent in the liquid bearing equipment characterized by 
measuring the distance from the end face of said sleeve to the oil level of said fluid lubrication agent Sleeve 
The shaft which formed and inserted the minute annular gap of predetermined spacing between this into this 
sleeve So that said shaft and said sleeve may carry out a rotation drive relatively on the same axle through the 
fluid lubrication agent with which fluid lubrication agents with which said minute annular gap was filled up were 
consisted of, and said minute annular gap was filled up Nothing, And an opening side opens for free passage 
and forms in said minute annular gap the taper-like annular gap where spacing between said sleeves and said 
shafts is large at the opening side of said sleeve. In the liquid bearing equipment filled up with said fluid 
lubrication agent so that the oil level might be located in said taper-like annular gap, it faces measuring the oil- 
level depth of said fluid lubrication agent, and is the lens section. 

[Claim 6] The oil-level depth measuring method of the fluid lubrication agent in the liquid bearing equipment 
according to claim 5 characterized by using a microscope as said optical instrument. 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the oil-level depth measuring method of a fluid lubrication 
agent used for the liquid bearing equipment and it which are used suitable for spindle motors, such as 
information machines and equipment. 
[0002] 

[Description of the Prior Art] Conventionally, as liquid bearing equipment is shown, for example in JP.8- 
270653,A, the approach of filling up with a lubricating oil the minute gap formed in between in bearing (i.e., a 
sleeve and a shaft) is proposed using the vacuum pump. 
[0003] 

[Problem(s) to be Solved by the Invention] However, since it was difficult to check the volume of the 
lubricating oil with which it filled up in order to fill up the above minute gaps with a lubricating oil in liquid 
bearing equipment and the volume was not managed proper When there was little volume of a lubricating oil, 
the lubricating oil evaporated with the passage of time, volume decreased, air was involved in in bearing by the 
lack of a lubricating oil, and there was a possibility of having caused printing by friction and spoiling the 
function as a liquid bearing. On the other hand, when there is too much volume of a lubricating oil, and the 
operating environment becomes an elevated temperature, a lubricating oil expands and it flows into the exterior 
of bearing. The device attached in the spindle motor with which the liquid bearing was incorporated by it is 
polluted, and there is a problem of spoiling the function. For example, the fatal problem that a record medium 
(media) stuck to a head to the lubricating oil which flowed out in the magnetic recording medium was caused, 
and there was a problem of spoiling the original function as a magnetic recording medium. 

[0004] Then, this invention can solve said technical problem and the volume of a fluid lubrication agent can be 
adjusted to a proper amount. While being able to prevent the contamination of the air into the bearing by lack 
of a fluid lubrication agent, and printing of the bearing by friction Let it be a technical problem to offer the oil- 
level depth measuring method of a fluid lubrication agent used for the liquid bearing equipment and it which can 
prevent the outflow by the excess of a fluid lubrication agent. 
[0005] 

[Means for Solving the Problem] In order to solve said technical problem, the liquid bearing equipment of this 
invention A sleeve and the shaft which formed and inserted the minute annular gap of predetermined spacing 
between this into this sleeve, In the liquid bearing equipment in which said shaft and said sleeve carry out a 
rotation drive relatively on the same axle through the fluid lubrication agent with which fluid lubrication agents 
with which said minute annular gap was filled up were consisted of, and said minute annular gap was filled up 
An opening side opens for free passage and forms in said minute annular gap the taper-like annular gap where 
spacing between said sleeves and said shafts is large at the opening side of said sleeve, and it is characterized 
by being filled up with said fluid lubrication agent so that the oil level may be located in said taperHike annular 
gap. 

[0006] Since the taper-like annular gap was formed in the opening side of a sleeve, while according to said 
configuration capillarity is promoted, a fluid lubrication agent moves to a minute annular gap side certainly and 
a narrow cross section is filled up with it from the taper-like annular gap side of a large cross section, air etc. 
is not involved in into a fluid lubrication agent and the oil level which was maintained by capillarity and 
maintained by stability in the taper-like annular gap can be formed. And since the oil level maintained by 
capillarity can be maintained at stability, the volume of a fluid lubrication agent can be adjusted to a proper 
amount by atijusting the oil-level depth of a fluid lubrication agent. 

[0007] Therefore, before building liquid bearing equipment into a spindle motor etc., by adjusting the volume of 
a fluid lubrication agent to a proper amount, it can involve in the air into the bearing by lack of a fluid 
lubrication agent, and the outflow by the seizure of the bearing by friction and the excess of a fluid lubrication 
agent can be prevented. 



file://C:¥Documents%20and%20Settings¥Administrator¥My%20Documents¥JPOEn¥JP-A-2002-2... 2004/05/25 



JP-A-2002-250341 



5/11 <<— v 



[0008] Moreover, invention indicated by claim 2 is characterized by having cut the peripheral face of the shaft 
which countered the sleeve in the taper-like annular gap at the inner skin by the side of opening in the shape 
of a taper, and lacking and forming it in said configuration. 

[0009] According to said configuration, even if the centrifugal force by the rotation drive of a shaft acts on the 
fluid lubrication agent in a taperHike annular gap when making a sleeve rotate and carrying out [ not to 
mention ] the rotation drive of the shaft since the peripheral face of a shaft was cut in the shape of a taper 
and the taperHike annular gap was lacked and formed, it is prevented that a fluid lubrication agent disperses by 
the sleeve. 

[0010] Moreover, invention indicated by claim 3 is characterized by having cut the inner skin by the side of 
opening of a sleeve in the shape of a taper, and lacking and forming a taper-like annular gap in said 
configuration. 

[001 1] According to said configuration, since the inner skin of a sleeve was cut in the shape of a taper and the 
taper-like annular gap was lacked and formed, said taper-like annular gap can be checked by looking from an 
opening side, it is easy to catch an oil level within the visual field of an optical instrument at the fluid 
lubrication agent maintained by capillarity, and the oil-level depth can be easily measured by the optical 
instrument. 

[0012] Moreover, in said configuration, invention indicated by claim 4 is characterized by forming the outer 
diameter of this lobe in a minor diameter rather than the bore of said sleeve, and enabling it to check said 
taperHike annular gap by looking from an opening side while making it project from opening of a sleeve and 
inserting it in said sleeve, in order to attach a shaft in housing. 

[0013] According to said configuration, since the outer diameter of a lobe was formed in the minor diameter 
rather than the bore of said sleeve, even if it makes a shaft project from opening of a sleeve, said taper annular 
gap can be checked by looking from an opening side, it is easy to catch the oil level of the fluid lubrication 
agent maintained by capillarity within the visual field of an optical instrument, and the oil-level depth can be 
easily measured by the optical instrument. 

[0014] Furthermore, the oil-level depth measuring method of the fluid lubrication agent of this invention A 
sleeve and the shaft which formed and inserted the minute annular gap of predetermined spacing between this 
into this sleeve, So that said shaft and said sleeve may carry out a rotation drive relatively on the same axle 
through the fluid lubrication agent with which fluid lubrication agents with which said minute annular gap was 
filled up were consisted of, and said minute annular gap was filled up Nothing, And an opening side opens for 
free passage and forms in said minute annular gap the taper-like annular gap where spacing between said 
sleeves and said shafts is large at the opening side of said sleeve. In the liquid bearing equipment filled up with 
said fluid lubrication agent so that the oil level might be located in said taper-like annular gap While doubling 
with the end face by the side of opening of said sleeve the focus of the lens section of the optical instrument 
which faced measuring the oil-level depth of said fluid lubrication agent, and was equipped with the lens section 
From a difference with the height location of said lens section when the height location of said lens section 
when the focus of said lens section is doubled with the oil level of said fluid lubrication agent and the focus of 
said lens section suits the end face by the side of opening of said sleeve, and the focus of said lens section 
suit the oil level of said fluid lubrication agent It is characterized by measuring the distance from the end face 
of said sleeve to the oil level of said fluid lubrication agent. 

[0015] While doubling the focus of the lens section of the optical instrument equipped with the lens section 
with the end face by the side of opening of said sleeve according to said configuration Since the focus of said 
lens section is doubled with the oil level of said fluid lubrication agent and the distance from the end face of 
said sleeve to [ from the difference of the height location of the lens section in both ] the oil level of said fluid 
lubrication agent is measured The oil-level depth of a fluid lubrication agent can be measured correctly, and 
the volume of a fluid lubrication agent can be easily managed in a proper amount. 

[001 6] Therefore, before building liquid bearing equipment into a spindle motor etc., by adjusting the volume of 
a fluid lubrication agent to a proper amount, it can involve in the air into the bearing by lack of a fluid 
lubrication agent, and the outflow by the seizure of the bearing by friction and the excess of a fluid lubrication 
agent can be prevented. 

[001 7] Moreover, invention indicated by claim 6 is characterized by using a microscope as an optical 
instrument in said configuration. According to said configuration, since a microscope is used as an optical 
instrument, the oil-level depth of a fluid lubrication agent can be measured simple and correctly. 

[0018] 

[Embodiment of the Invention] (Gestalt 1 of operation) The gestalt of implementation of invention indicated by 
claims 1 , 2, and 4 is hereafter explained based on drawing 1 . 
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[0019] Drawing 1 is the sectional view showing the liquid bearing equipment in the gestalt of 1 operation of this 
invention. The shaft 3 which inserted liquid bearing equipment 1 into a sleeve 2 and this sleeve 2 in drawing 1 , 
It consists of lubricating oils (fluid lubrication agent) 5 with which the minute annular gap 4 formed between 
said sleeves 2 and shafts 3 was filled up. The lobe from the sleeve 2 of said shaft 3 is fixed to housing or the 
bracket of a spindle motor, through said lubricant 5, bearing support is carried out at a shaft 3, and a sleeve 2 
carries out a rotation drive. 

[0020] An end side carries out opening of said sleeve 2, opening 6 is formed, said minute annular gap 4 of 
predetermined spacing is formed between this in this sleeve 2, and said shaft 3 is inserted. The peripheral face 
8 of the shaft 3 which counters the inner skin 7 by the side of the opening 6 of said sleeve 2 is cut in the 
shape of a taper, is lacked, the taper side 9 is formed, and as large the taper-like annular [ spacing of a 
parenthesis ] gap [ as an opening 6 side ] 10 where spacing between a sleeve 2 and a shaft 3 is larger than 
said minute annular gap 4 is opened for free passage and formed in said minute annular gap 4 of it at said 
opening 6 side. And it is formed more nearly up than said opening 6, and, as for the outer diameter D1 of a 
projection and this lobe 11, the lobe 1 1 for attaching in said shaft 3 at a spindle motor is formed in the minor 
diameter rather than the bore D2 of a sleeve 2. 

[0021] In said configuration, a lubricating oil 5 is poured in into the taper-like annular gap 10 for example, by 
vacuum impregnation from opening 6. While filling up with the poured-in lubricating oil 5, without capillarity's 
being promoted by the taper-like annular gap 10 and including air etc. in the minute annular gap 4, it is formed 
in the taper-like annular gap 10, the oil level 12, i.e., the capillary sealing surface, of the lubricating oil 5 
maintained by capillarity. The oil-level depth which this capillary sealing surface 1 2 was not changed and was 
stabilized is held. Therefore, the volume of a lubricating oil 5 can be adjusted to a proper amount by adjusting 
the oil-level depth of this capillary sealing surface 1 2. Moreover, since the taper side 9 was formed in the shaft 
3 which does not carry out a rotation drive, there is no possibility that a lubricating oil 5 may disperse. 
Furthermore, since the outer diameter D1 of a lobe 1 1 was formed in the minor diameter rather than the bore 
D2 of a sleeve 2, when it is going to measure the oil-level depth of the capillary sealing surface 12 by an 
optical instrument etc., said capillary sealing surface 12 can be easily caught within the visual field of an optical 
instrument. Therefore, before building liquid bearing equipment 1 into a spindle motor, the outflow by the 
contamination of the air into the bearing by lack of a lubricating oil 5, the seizure of the bearing by friction, and 
the excess of a lubricating oil 5 can be prevented by adjusting the volume of a lubricating oil 5 to a proper 
amount. 

[0022] Although the taper side 9 was formed in the shaft 3 which does not carry out a rotation drive with the 
gestalt of this operation, even if it may form the taper side 9 in a shaft 3 in the liquid bearing equipment 1 in 
which a shaft 3 carries out a rotation drive and the centrifugal force by the rotation drive of a shaft 3 acts on 
the lubricating oil 5 in the taper-like annular gap 10 in this case, it is prevented that a lubricating oil 5 
disperses by the sleeve 2. Moreover, although the gestalt of this operation showed the liquid bearing equipment 
in which the end of a sleeve 2 carried out opening, what carried out opening is sufficient as both ends. 
(Gestalt 2 of operation) Next, the gestalt of implementation of invention indicated by claim 3 is explained based 
on drawing 2 . 

[0023] Drawing 2 is the sectional view showing the liquid bearing equipment in the gestalt of other operations 
of this invention. In addition, explanation of the matter and sign which were explained in the gestalt of said 
operation is omitted. In drawing 2 , liquid bearing equipment 1 cuts and lacks the inner skin 7 to a sleeve 2 at 
an opening 6 side, forms the taper side 13, and the taper-like annular gap 10 is formed, bearing support of the 
shaft 3 is carried out by it through a lubricating oil 5 at a sleeve 2, and it carries out a rotation drive by it. 
[0024] According to said configuration, the capillary sealing surface 12 stabilized like the gestalt 1 of said 
operation can be formed. Furthermore, when it is going to measure the oil-level depth of the capillary sealing 
surface 12 by an optical instrument etc., said capillary sealing surface 12 can be easily caught within the visual 
field of an optical instrument. 

(Gestalt 3 of operation) Next, the gestalt of implementation of invention indicated by claims 5 and 6 is 
explained based on drawing 3 - drawing 5 . 

[0025] It is the partial enlarged drawing in which the schematic diagram and drawing 4 which show the oil-level 

depth measuring method of a fluid lubrication agent [ in / in drawing 3 / the gestalt of operation of this 

invention ] show an important section enlarged drawing to drawing 3 , and drawing 5 shows the oil-level depth. 
In addition, explanation of the matter and sign which were explained in the gestalt 1 of said operation is 

omitted. 

[0026] Drawing 3 and drawing 4 show how to measure the oil-level depth of the lubricant used for it in the 
liquid bearing equipment shown in drawing 1 , liquid bearing equipment 1 is laid on susceptor 20, and the 
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microscope 22 which equipped the upper predetermined location of liquid bearing equipment 1 with the length 
measurement gage (height gage) 24 is arranged. 

[0027] It faces measuring the oil-level depth of a lubricating oil 5, the initial valve position of the lens section 
23 is first read according to the graduation of the length measurement gage 24 which makes the front face of 
susceptor 20 a datum plane for the height location of the lens section 23 of a microscope 22, and it is 
measured as elevation of the lens section 23. 

[0028] Subsequently, move susceptor 20 in the direction of X-Y (horizontal) suitably, and the end face 14 of a 
sleeve 2 is located under the lens section 23 of a microscope 22. The lens section 23 is moved in the direction 
of the end face 14 of a sleeve 2 in the condition, a focus is doubled with the end face 14 of a sleeve 2, the 
height location of the lens section 23 when a focus suits is read with the length measurement gage 24, and the 
height L1 of the end face 14 of a sleeve 2 is measured. 

[0029] Subsequently, susceptor 20 is moved in the direction of X, the opening 6 of a sleeve 2 is located under 
the lens section 23, the lens section 23 is moved in the direction of the capillary sealing surface 12 in the 
condition, a focus is doubled with the capillary sealing surface 12, the height location of the lens section 23 
when a focus suits is read with the length measurement gage 24, and the height L2 of the capillary sealing 
surface 12 is measured. 

[0030] And oil-level depth L of the lubricating oil 5 from the end face 14 of a sleeve 2 is calculated by the 
degree type from the value of the height L1 of the end face 14 of a sleeve 2, and the height L2 of the capillary 
sealing surface 12. That is, the oiHevel depth of a lubricating oil 5 is called for from a difference with the 
height location of said lens section when the height location of said lens section when the focus of said lens 
section suits the end face by the side of opening of said sleeve, and the focus of said lens section suit the oil 
level of said fluid lubrication agent. 

[0031] As it is more than oiHevel depth =L1-L2 of a lubricating oil 5, since the oil-level depth of a lubricating 
oil 5 can be measured, it faces being filled up with a lubricating oil 5 to liquid bearing equipment 1. While setting 
an upper limit 32 as the oiHevel depth in consideration of the oiHevel depth 35 at the time of the oiHevel 
depth 34 at the time of the expansion at the time of the elevated temperature of the lubricating oil 5 with 
which it is filled up, low temperature, or reduction by evaporation so that a lubricating oil 5 may not flow out 
beforehand at the time of an elevated temperature as shown in drawing 5 The minimum 33 of the oiHevel 
depth is set up so that a life may not be shortened by reduction of the volume of the lubricating oil 5 by 
evaporation etc. and a vapor-liquid interface may not be formed in bearing at the time of low temperature, and 
the volume of a lubricating oil 5 is adjusted so that it may become the capillary sealing surface 1 2 of the 
predetermined oil-level depth by it. 

[0032] According to said configuration, the oil-level depth of a lubricating oil 5 can be measured correctly, and 
the volume of the lubricating oil 5 with which liquid bearing equipment 1 is filled up can be adjusted to a proper 
amount. Therefore, before building liquid bearing equipment 1 into a spindle motor etc., the outflow by the 
contamination of the air into the bearing by lack of a lubricating oil 5, the seizure of the bearing by friction, and 
the excess of a lubricating oil 5 can be prevented by adjusting the volume of a lubricating oil 5. 
[0033] Although asked by measuring the height from this datum plane to the end face 14 of a sleeve 2, and the 
height to the capillary sealing surface 12 by making into a datum plane the front face of susceptor 20 in which 
liquid bearing equipment 1 was laid in the oiHevel depth of a lubricating oil 5 in the gestalt of this operation As 
long as it can measure the distance from the end face 14 of a sleeve 2 to the capillary sealing surface 12, you 
may ask by which approach. 
[0034] 

[Effect of the Invention] As mentioned above, according to the liquid bearing equipment of this invention, since 
the taperHike annular gap was formed in the opening side of a sleeve, the oil level of the fluid lubrication agent 
which was maintained by capillarity in the taper-like annular gap and was maintained at stability can be formed, 
and the volume of a fluid lubrication agent can be adjusted to a proper amount by adjusting the oiHevel depth 
of a fluid lubrication agent. 

[0035] Therefore, before building liquid bearing equipment into a spindle motor etc., the outflow by the 
contamination of the air into the bearing by lack of a fluid lubrication agent, the seizure of the bearing by 
friction, and the excess of a fluid lubrication agent can be prevented by adjusting the volume of a fluid 
lubrication agent to a proper amount. 

[0036] Moreover, also when according to invention indicated by claim Z carrying out the rotation drive or the 
sleeve and carrying out [ not to mention ] the rotation drive of the shaft, it is prevented that a fluid lubrication 
agent disperses by the sleeve. 

[0037] Moreover, according to invention indicated by claim 3, it is easy to catch the oil level of the fluid 
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lubrication agent maintained by capillarity within the visual field of an optical instrument, and the oil-level depth 
can be easily measured by the optical instrument. 

[0038] Moreover, according to invention indicated by claim 4, even if it makes a shaft project from opening of a 
sleeve, it is easy to catch the oil level of the fluid lubrication agent maintained by capillarity within the visual 
field of an optical instrument, and the oil-level depth can be easily measured by the optical instrument. 
[0039] Furthermore, since the oil-level depth of a fluid lubrication agent is measured by the optical instrument 
equipped with the lens according to the oil-level depth measuring method of the fluid lubrication agent of this 
invention, the oil-level depth of a fluid lubrication agent can be measured correctly, and the volume of a fluid 
lubrication agent can be easily managed in a proper amount. 

[0040] Therefore, before building liquid bearing equipment into a spindle motor etc., the outflow by the 
contamination of the air into the bearing by lack of a fluid lubrication agent, the seizure of the bearing by 
friction, and the excess of a fluid lubrication agent can be prevented by adjusting the volume of a fluid 
lubrication agent to a proper amount. 

[0041] Moreover, according to invention indicated by claim 6, since a microscope is used as an optical 
instrument, the oil-level depth of a fluid lubrication agent can be measured simple and correctly. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the sectional view showing the liquid bearing equipment in the gestalt of 1 operation of this 
invention. 

[Drawing 2] It is the sectional view showing the liquid bearing equipment in the gestalt of other operations of 
this invention. 

[Drawing 3] It is the schematic diagram showing the oil-level depth measuring method of the fluid lubrication 
agent in the gestalt of operation of this invention. 

[Drawing 4] It is the important section enlarged drawing of drawing 3 . 
Drawing 5] It is the partial enlarged drawing which the oil-level depth shows. 
^Description of Notations] 

1 Liquid Bearing Equipment 

2 Sleeve 

3 Shaft 

4 Minute Annular Gap 

5 Lubricant 

6 Opening 

7 Inner Skin 

8 Peripheral Face 

9 Taper Side 

10 Taper-like Annular Gap 

11 Lobe 

12 Capillary Sealing Surface 

1 3 Taper Side 

14 End Face of Sleeve 

1 9 Ring-like Closure Member 

20 Susceptor 
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22 Microscope 

23 Lens Section 

24 Length Measurement Gage 

32 Upper Limit of Oil-Level Depth 

33 Minimum of Oil-Level Depth 

34 Oil-Level Depth at the Time of Expansion 

35 Oil-Level Depth at the Time of Reduction 
L The oil-level depth of a lubricating oil 

L1 Height of a sleeve end face 

L2 Height of a capillary sealing surface 

X The migration direction of susceptor 
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